(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Inlemalional Bureau 



lilllilllilllllllllillllllillllliililli 



(43) International Publication Date 
20 March 2003 (20.03.2003) 



PCT 



(10) International Publication Number 

WO 03/022816 Al 



(21) Intnnatlonal Application Numben PCT/US02/25889 

(22) International Filing Date: 14 August 2002 (14.08.20(12) 

(25) Filing Language: English 

(2<>) Publication Languase: English 

(30) Priority Data: 

09>947.581 6 September 2001 C06J)9^001) US 



(71) Applicant: EQUISTAR CHEMICALS, LP [USAJS]; 
- One Honston Center, 1221 McKinncy Street, Honston, TX 
i 77010 (US). 

I (72) Inventor; HLATKY, Gregory, G.; 6197 Monow-Soss- 
i barg Road, Montyw, Oil 45 152" (US). 



(81) Designated States (national)'. AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG. BR, BY, BZ. CA, CH, CN, CO, CR. CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI. GB, GD, GE GH, 
GM, HR. HU. ID. IL. IN. B, JP, KB. KG, KP, KR, KZ, LC, 
LK, LR, LS, LT. LU. LV, MA, MD. MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD. SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN,mZA,ZM,ZW. 

(84) Designated States (regional)'. ARIPO patent (GH. GM, 
Kli, LS, MW, MZ, SD. SL, SZ, TZ, UO, ZM. ZWX 

Hnrasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, OI, CY, CZ, DE, DK, EE, 
ES, H, FR, QB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPf patent (BF, BJ, CP, CG, CI, CM, GA, GN, GQ, 
CiW, Ml,, MR, NR, SN, TD, TG). 

Published: 

— with international search report 

— b^ore the exjHration cf the time limit for amending the 
claim and to be republished in the event cf receqH of 
amendments 



I (74) Agents: SCHUCHARDT, Jonathan, L. et a].; Lyondell For two-letter codes and other abbreviations, refer to the "Guid- 
\ Chemical Company, 3801 West Chestei Pike, Newtown ance Notes onCodesandAbl^eviations" appearing at the begin- 
i Square, PA 1 9073 (US). ning of each regular issue of the PCT Gazette. 



< 

r-l 
00 

<s 

— 

f*) (54) Title: PROCESS FOR THE PREPARATION OF BASE-FREE CARBAZOLIDE ANIONS 

o 

^ (57) Abstract: Base-tee carbazolides are ptepared rapidly and in high yield and parity by reactian of a 

alkyl lithium in the presence of a <Ubasic ligand to farm an intermediate complex, followed by leacting tlie in 
^ with alkali metal alfcoxide. 



wo 03/022816 



PCT/US02/25889 



PROCESS FOR THE PREPARATION OF 
BASE-FREE CARBAZOUDE ANIONS 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention pertains to a process for flie coirvenient, bigh-yidd 
preparation of base-free carbazoUde auions. 

BACKGROUND ART 
10 Carbazolide axmas have numerous uses in synthetic organic and 

organometallic chemistry. As but one example, transition metal complexes of 
carbazolides are known to have catalytic activity, i.e. as polymerization catalysts 
for a-olefin polymerizatiQn as disclosed in U.S. Patent 5,539,124. In the 
syntheses of these compounds, the metal chloride is allowed to react with two 
15 equivalents of carbazolide anion. However, syntheses of many carbazolide 
complexes and carbazole derivatives require the use of substantially base-free 
carbazolide anions, i.e. potassium carbazoUde. The preparation of base-free 
compounds has proven difficult. 

For example, the deprotonation of carbazole by butyllithimn in a toluene or 
20 pentane solvent is slow and incomplete, perhaps due to the possibility of hydrogen 
bonding in the partially deprotonated reaction mixture. Appier (J. Organometal. 
Chem., 350 (1988) 217) reported that deprotonation of carbazole by butyllithium 
in toluene required refluxing at 110*C. With the addition of coordinating solvents 
such as tetramethylethylene diamine (TMEDA) in tetrahydroftiran (THF) or 
25 toluene solvent, depxrtonaticm is more rapid and more.con^lete. However, the 
product is a base-coordinated complex such as [Li(THF)J[Ci2HgN] (Hacker et al., 
: Chem. Ber., 120 (1987) 1533) or [Li(TMEDA)][Ci3HjNl. In subsequent reaction 
with Group 4 metal compounds such as TiCl*, Zr4Cl4, HfCLt, the Lewis base 
remains coordinated in the final product to form (CijHsN^xMCljCL)^ compounds 
30 where L is THF or 1/2TMEDA. These products are difficult to characterize and 
subsequent chemistry is complicated by the presence of the solventing group. 

It would be desirable to provide a synthesis of carbazolide salts which are 
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free of Lewis bases, producing the carbazolide salt in reasonable yields and with 
reasonable reaction times. 



5 bases and complexing neutral ligands can be prepared rapidly and in high yield by 
reacting carbazole with a deprotonating agent in hydrocarbon solvent in the 
presence of at least an equimolar amount of an aprotic coordinating ligand to form 
an intermediate con]|)lex, followed by reaction in hydrocarbon solvent in the 
presence of one equivalent of alkali aUcoxide to yield the base-firee alkali 
10 carbazolide. 

DETAJDLED DESCRIPTION OF THE PKEFERRED EMBODIMENT(S) 
Any carbazole is believed to be useftil in the present process. Preferred 
carbazoles correspond to the formula 



where through are hydrogen or substituents which do not iaterfere with 
20 obtaining the desired carbazolide anion product. Preferred R' through R^ are 
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalfeenyl, alkoxy, polyoxyalkyl, aryl, 
heteroaryl, silyl, ox two adjacent R' through R' may form a cycloalkyl or 6- 
membered aryl or hetetoaiyl ring or a cycloalkjrl or 6 membered aryl or 
heteroaryl portion of a more extended ring system. Any of R* through R^ and 
25 more preferably any of througji R' and yet more preferably any of R^ through 
R^ may be an alkjrlene, alkenylene or silyl, etc. bridging linkage between a first 
carbazolide anion and a second carbazolide anion. Any one of C-R' to C-R* can 
also be replaced by a nitrogen, phosphorous, or arsenic atom. 



30 one or more pairs of adjacent R' through R® (including the pair of R'* and R') may 
form an aryl or heteroaiyl ring or an aryl or a heteroaryl portion of a larger 
aromatic rmg system. Further examples of preferred carbazoles are found in U.S. 



SUMMARY OF THE INVENTION 



It has now been surprisingly discovered ftat carbazolide ions free of Lewis 




Preferably, R* through R* are individually hydrogen, Cj.^ lower allsyl, or 
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5,539,124. Wben R' thiough R* are alkyl, they are preferably C,.^!, more 
preferably methyl. It is preferred that R^ and are hydrogen. 

The hydrocarbon solvent in which the reaction takes place is a non- 
complexing hydrocarbon solvent which may also contain heteroatoms such as 0, 
5 S, or N, as long as the heteroatoras do not fecUitate strong complexing of the 
solvent with tiie carbazolide product. Most preferably, the solvent is an aromatic, 
aliphatic or cycloaliphatic hydrocarbon solvent. Preferred cycloaliphatic solvents 
include cyclopentane, cydohexane, and cycloheptane. Preferred aJiphaixc solvents 
include pentane, hexane, heptane and titeir branched isomers. Preferred aromatic 

10 solvents include benzene, tohiene, or o-, m-, or p-xylenes. Mbttuies of solvents 
may be used. The preferred solvent is toluene. Coordinating solvents such as 
diefiiyl ether, tetrafaydrofuian, and similar ether solvents can be used, but the 
intermediate litiuum salt must be isolated from the reaction mixture for use m the 
second step of the reaction, 

15 The coordinating ligand is a Lewis base-containing ligand, preferably an 

aprotic nitrogen-or oxygen-containing ligand. Preferred coordinating ligands 
include monobasic ligands such as tetrahydrofiiran, 1,4-dioxane, and pyridine; 
chelating dibasic ligands such as N,N,N,N-tetrametlLyIethyienediamine and 
ethylene glycol dimethyl ether; chelating tribasic ligands such as 1,3,5-trioxane 

20 and l,3,5-trimethyl-l,3,5-triazme; and chelating tetrabasic ligands such as 12- 
crown-4. Dibasic and polybasic ligands containing both nitrogen and oxygrai 
functionalities as well as ligands containing non-nitrogen and -oxygen complexing 
Lewis base atoms such as P, 0, or S, may also serve as coordinating ligands. 

The alkali alkoxide is one which is capable of destroying the intermediate 

25 lithium carbazolide/dibasic ligand complex. In general, the alkali alkoxide may be 
selected from sodium, potassium, and cesium alkoxides, but is preferably a 
potassium alkoxide. The alkoxide ion may have 1 to 10 or more carbon atoms, 
thus including metihoxide, ethoxide, n-propo?dde, isopropoxide, n-butoxide, i- 
butoxide, s-butoxide, t-butoxide, and other ions derived from linear, branched, or 

30 cyclic alkanols. The length of the carbon chain should be such that the resultant 
lithium alkoxide is soluble in aliphatic, cycloaliphatic, or aromatic solvents. 
Preferably, the alkali alkoxide is potassium t-butoxide. 
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The reaction may take place in one or more stages and will be described 
with reference to the preHerred preparation usmg carbazole and TMEDA as the 
coordimting ligand. First, the carbazole is reacted m hydrocarbon solvent with 
alkyl lithium, preferably n-butyl lithium, in the presence of an equimolar amount 

,5 of TMEDA, at a convenient temperature, i.e. from -20° to 50°C, preferably, 0°C 
to 25 °C. The reaction tekes place preferably under moisture-free conditions, 
preferably under an mert gas blanket, i.e. of nitrogen, argon, etc. Solvents should 
be dried by conventional techniques. Following the reaction, the complex 
[LiCTMEDAMCCissHgN] may be collected as a white crystalline solid, substantially 

10 free of starting material. The mtermediate may be separated and washed with 
additional solvent, or may be retained in the reaction solvent without isolation. If 
isolated, the intermediate is slurried in toluene or other solvent and reacted with 
one equivalent of potassium t-butoxide. This reaction may be carried out at 
temperatures from 0°C to reflux, preferably rooan temperature to reflux. 

15 Potassium carbazolide is isolated as a white crystalline solid and optionally washed 
with additional solvent to remove all traces of lithium alkoxide. Lithium t- 
butoxide washes away in the solvent, having substantially pure potassium 
carbazolide. NMR generally shows no trace of starting material. 

Havmg generally described this mvention, a further understanding can be 

20 obtained by reference to certain specific examples which are provided herein for 
purposes of illustration only and are not mtended to be limitmg unless otherwise 
specified. 

EXAMPLES 

Deprotonadon of Carbazole 
25 Example 1: 

Carbazole (3.34 g) was dissolved in tetrahydrofinan (50 mL) and 
butyllithium (8 mL of a 2.5 M solution in hexane) added. After 30 minutes, the 
solids were fiUltesied oS, washed wi1h pentane, and dried. Yield: 4.79 g. This 
product was suspended in toluene (100 mL) and potassium t-butoxide (1.69 g) 
30 added. The mixture was refluxed for two hours and the pure-white solids filtered 
hot, washed with toluene and pentane and dried. Yield: 3,04 g. The 'H NMR 
spectrum of this product showed no residual N-H proton resonances. 



4 
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Example 2: 

Carbazole (3.34 g) and N,NJsf,N-tetrainefliylethyiemediaimne (2.32 g) were 
stirred in toluene (80 mL). BvrtylHlhiimi (8 mL of a 2.5 M solution in hexane) was 
added. After 2 hours, the solution was evaporated to 20 mL and pentane added. 
5 The product was filtered of£, washed with pentane and dried. Yield: 5.00 g. This 
was suspended in toluene (100 mL) and potassium t-butoxide (1.93 g) added. The 
mixture was refluxed for 2 horns and cooled. The pure-white product was filtered 
off, washed with toluene and pentane and dried. Yield: 3.35g. The 'H >JMR 
spectrum of this product showed no residual N-H proton resonances, 

10 Comparative Example 3: 

Carbazole (1.67 g) was suspended in toluene (80 mL) and butyllithium (4 
mL of a 2.5 M solution in hexaae) added. The mixture was vigorously stirred at 
room temperature for 2 hours, forming a thick brownish gel. The solids were 
filtered off with difficulty, washed with pentane, and dried. The NMR spectrum 

15 of this product showed residual N-H proton resonances at 69.89. 
Synthesis of Metal Complexes 
E?!:OTPle,4:. 

The product of Example 1 was slurried in toluene (50 noL) and added to a 
suspension of zarconhim tetrachloride (1.73 g) m toluene (75 mL). The bright- 
20 yellow suspension was stirred overnight, then refluxed for two hours. The solids 
were filtered hot, washed with tohiene and pentane and dried. Yield: 4.85 g. 
Comparative Exanrtplft 't- 

Carbazole (5.00 g) was suspended in tohiene (60 mL) and butyllithium (12 
mL of a 2.5 M solution in hexane) added. The mixture was vigorously stirred for 
25 two hours and additional toluene (60 mL) added, followed by zircomum 
tetrachloride (3.5 g). The green-brown slurry was stirred overnight, filtered, 
washed with toluene and pentane, and dried. Yield: 7.53 g. 
Comparative Example 6: 

Carbazole (5.01 g) was suspended in toluene (120 mL) and butyllithium (12 
30 mL of a 2,5 M solution in hexane) added. The mixture was vigorously stured 
overnight. To the thick, light-brown slurry was added zirconium tetrachloride (3.5 
g) with an additional aliquot of toluene (20 mL) to wash all the ZsCl, mto the 
flask. The orange mixture was stirred for six hours, filtered, washed with toluene 
5 
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and pentane, and dried. Yield: 9,61 g. 

Having now fixUy described the invention, it will be apparent to one of 
ordioary skill in the art that many changes and modifications can be made thereto 
witiiout departing from the spirit or scope of the invention as set forth hereni. The 
5 tenns "a" and "an" mean one or more uidess indicated otherwise. 
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1. A process for the preparation of alkali naetal carbazoUdes 
substantially firee of basic complexing ligands, said process comprising 

5 a) reacting a carbazole reactant in hydrocarbon solvent with 

alkyl lithiian in the presence of one equivalent or more of an aprotic coordinating 

ligand, and optionally isolating the intermediate product; 

b) reacting said intennediate product in hydrocarbon solvent 

with an alkali metal alkoxide, said alkali metal selected from the group consisting 
10 of sodium, potassium, rubidium, cesium, and mixtures thereof, thereby obtaining 

fbe correspondii^ alkali metal carbazolide. 

2. The process of clafan 1, further comprising isolating said alkali 
metal carbazolide as a solid product. 

3. The process of claim 2 fiirther comprising washing said solid 
15 product with non-complexing organic solvent(s) to obtain a purified alkali metal 

carbazolide. 

4. The process of claim 1, wherein said carbazole has the formula 




where R' througb R* are individually hydrogen, alkyl groups, or other substituents 
25 which do not interfere with deprotcmation of said carbazole with alkyl lithium, or 
where any two adjacent pairs of through R* together comprise a five or six 
membered ring system, optionally containing one or more heteroatoms, said ring 
system optionally being aromatic. 

5. The process of claim 4, wherein each of through is 
30 individually selected from hydrogen, Cj^ lower alkyl, silyl, Cj^ alkoxy, cyano, 
nitro, or where one or more adjacent pairs of through R* together comprise a 
C5.6 saturated or unsaturated cycloaliphatic rmg, or a C5 or Q aiyl or heteroaryl 
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ring, said cycloaliphatic ni)g(s), aryl rLDg(s), and heteroatyl ring(s) optionally 
substituted with non-intrarferiog substituents, and optionally fimning part of a 
larger alicyclic, aromatic, or alicyclicaromatic ring system. 

6. The process of claim 1 wherein said aUcyl lithium comprises n-butyl 
5 liHiimu. 

7. The process of claim 1 wherein said alkali alkoxide comprises a 
potassium alkoxide. 

8. The process of claim 1, wherein said alkali alkoxide comprises 
potassium t-butoxide. 

10 9. The process of claun 1 wherein said nan-con^lexing organic 

solvent is a hydrocarbon solvent. 

10. The process of claim 1 wherein said non-complexing solvent 
comprises toluene, xylene, or mixtures thereof. 

11. The process of claim 1, wherein said oarbazole reactant conqirises 
1-5 carbazole, said alkyl lithium comprises n^bulyl lithium, said alkali alkoxide 

comprises potassmm t-butoxide, and wherein said solvent is a liquid aromatic 
hydrocarbon. 
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